Introduction
============

Diabetes mellitus is a syndrome characterized by chronic hyperglycemia due to an absolute or relative lack of insulin and/or insulin resistance, resulting mainly in dysregulation of carbohydrate, protein, and lipid metabolism, which account for the symptoms and complications of diabetes.[@b1-dmso-8-427]

Diabetes is increasingly emerging as a major public health burden across the world. In 2013, the global prevalence of diabetes was estimated to be 8.4%, with 382 million people living with diabetes and over 5 million diabetes-related deaths;[@b2-dmso-8-427] it is expected that the number of people living with diabetes will more than double between 2000 and 2030.[@b3-dmso-8-427] The World Health Organization projects that diabetes will be the seventh leading cause of death in 2030.[@b4-dmso-8-427] Diabetes particularly affects low-income and middle-income countries in terms of prevalence, mortality, and morbidity. More than 80% of people with diabetes live in developing countries, where rapid cultural and social changes, including changes in lifestyle, aging populations, increasing urbanization, dietary changes, and reduced physical activity, all contribute to the dramatic increase in the epidemic of diabetes. The majority of people with diabetes in low-income and middle-income countries are under 60 years of age.[@b2-dmso-8-427] According to recent estimates, diabetes accounts for 1.4 million cases with a 7.7% prevalence and more than 25,000 diabetes-related deaths in Sudan.[@b2-dmso-8-427]

Type 2 diabetes mellitus (T2DM) accounts for approximately 90% of the diabetes cases worldwide,[@b2-dmso-8-427] and is linked mainly to excess body weight and physical inactivity. The glucotoxicity and lipotoxicity that occur in diabetic patients could be reversed early by good management, which may assist in preventing or delaying the long-term complications of T2DM, particularly vascular complications.[@b5-dmso-8-427]

It is recognized that the risk of cardiovascular events is amplified in patients with T2DM, and dyslipidemia is a contributing factor.[@b6-dmso-8-427] Weight gain and obesity are key factors in increasing the prevalence of both cardiovascular disease (CVD) and T2DM.[@b7-dmso-8-427] CVD is more likely to develop at a younger age in patients with diabetes than in nondiabetics, with an increasing risk over the duration of the disease.[@b8-dmso-8-427] It has been documented that diabetics are more likely to die of cardiovascular-related causes than nondiabetics.[@b9-dmso-8-427] Data on mortality in diabetic patients showed that 52% of people with T2DM died of CVD, primarily heart disease and stroke.[@b10-dmso-8-427] According to a recent World Health Organization report, age-standardized death rates for ischemic heart disease and cerebrovascular disease in Sudan were 212 and 118 per 100,000 respectively.[@b11-dmso-8-427]

C-reactive protein (CRP) is a 115 kDa pentamer synthesized and released mainly by hepatocytes under the control of cytokines such as interleukin-6, interleukin-1, and tumor necrosis factor-α.[@b12-dmso-8-427] CRP is an acute-phase protein produced as part of innate nonspecific physiological and biochemical responses to a number of pathophysiological conditions including tissue damage, infection, inflammation, and malignancy.[@b13-dmso-8-427] CRP can be used as a marker of systemic inflammation because circulating levels of CRP increase up to 1,000-fold within hours of a tissue injury.[@b14-dmso-8-427] Currently, CRP is recognized as an indicator of vascular inflammation. Recently, the role of inflammation in the pathophysiology of CVD has been emphasized, and CRP, an inflammatory marker, has been reported to be related to different cardiovascular diseases.[@b13-dmso-8-427],[@b14-dmso-8-427] CRP is recognized as a predictor of cardiovascular conditions secondary to atherosclerosis,[@b15-dmso-8-427] and is suggested to be a stronger predictor of cardiovascular events when compared with low-density lipoprotein cholesterol (LDL-C).[@b16-dmso-8-427] Experiments demonstrated that CRP as a sensitive physiological marker of subclinical systemic inflammation is associated with hyperglycemia, insulin resistance, and overt T2DM.[@b17-dmso-8-427] It is well established that a link exists between diabetes and systemic inflammation, an association that could be reflected in circulating levels of CRP.[@b18-dmso-8-427]--[@b20-dmso-8-427] Increased concentrations of CRP have been reported in adult patients with T2DM.[@b18-dmso-8-427],[@b21-dmso-8-427]--[@b23-dmso-8-427] In other studies, CRP has been observed to be elevated prior to the development of diabetes,[@b24-dmso-8-427]--[@b26-dmso-8-427] and could be an early indication of inflammation in diabetics. Recently, CRP was suggested as a therapeutic target.[@b13-dmso-8-427] In subjects with type 2 diabetes, distribution of adipose tissue has been shown to be an important determinant of systemic inflammation.[@b27-dmso-8-427] Worldwide, including in Sudan, the lipid profile, particularly LDL-C, is the focus of current guidelines for determination of risk of CVD in clinical practice. Considering evaluation of serum CRP together with the lipid pattern could be useful in early identification of type 2 diabetic Sudanese individuals at high risk of CVD. The aims of this study were to investigate CRP levels and the lipid profile in type 2 diabetic adult Sudanese in comparison with nondiabetics and to test the associations between these parameters and other characteristics of the study groups.

Materials and methods
=====================

Study subjects, area, and design
--------------------------------

This study was approved by the ethics committee of the Faculty of Medicine, University of Gezira, Sudan. Prior to its implementation, the study objectives and procedure were explained to all participants, before obtaining their consent to enroll into the study. This cross-sectional study included 110 adult Sudanese residents of Gezira State, central Sudan. Among the participants, 70 were type 2 diabetic patients with no complications of the disease (diabetic group) who were attending Abu Aagla diabetes management center in Wad Medani, Gezira State, Sudan, in regular monthly visits for medical follow-up and monitoring of glycemic control. The remainder comprised the nondiabetic group, which included 40 healthy individuals without diabetes. Both males and females were included in the study (24.5% and 75.5%, respectively).

The diabetic and nondiabetic groups satisfied the following inclusion criteria: adult, willing to participate, nonsmokers, nonalcoholics, nonhypertensive, with no CVD, or liver or renal disease, no infection or inflammation, and not taking anti-inflammatory, lipid-lowering, or other medication that could interfere with the planned biochemical measurements. Subjects who did not meet the inclusion criteria were excluded.

Collection and processing of blood samples
------------------------------------------

Four milliliters of venous blood were collected from each participant after overnight fasting. Standard laboratory procedures were followed to prepare plasma for the measurement of glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), LDL-C, and triglycerides, and to prepare serum for estimating the CRP concentration. Glycated hemoglobin (HbA~1c~) was assessed immediately using whole blood.

Data collection and anthropometric measurements
-----------------------------------------------

A structured questionnaire ([Figure S1](#SD1-dmso-8-427){ref-type="supplementary-material"}) was designed to obtain personal data and demographic characteristics, in addition to past and current medical information. Weight in kilogram (kg) and height in meter (m) for each participant were measured. The body mass index (BMI) was calculated applying the standard formula: $$\text{BMI} = \left( {\text{weight}\ \text{in}\ \text{kg}} \right)/\left( {\text{height}\ \text{in}\ m} \right)^{2}$$

Biochemical measurements
------------------------

The laboratory analyses of biochemical parameters were carried out using an A15 automated random access chemical analyzer manufactured by Biosystems (Barcelona, Spain). All reagents used were purchased from Biosystems. Biochemical investigations were performed applying standard methods according to the procedures recommended by the manufacturer. HbA~1c~ and serum CRP were measured turbidi-metrically. Plasma glucose, total cholesterol, HDL-C, LDL-C, and triglycerides were determined by spectrophotometry using standard enzymatic methods.

Statistical analysis
--------------------

The statistical analysis was performed using Statistical Package for Social Sciences version 16 software (SPSS Inc., Chicago, IL, USA). Descriptive statistics were done applying appropriate methods. Numerical variables are presented as the mean and standard error of the mean. The independent samples *t*-test was used to compare the mean values of biochemical parameters between the diabetic and nondiabetic groups. Pearson's correlation was applied to determine the association between biochemical and anthropometric parameters. Odds ratios were calculated by risk statistics in cross-tabulations for categorized variables (normal vs high or low). *P*-values ≤0.05 were considered to be statistically significant.

Results
=======

To determine CRP levels and the lipid profile in type 2 diabetes, a total of 110 subjects (males and females) aged 30--70 years were recruited for this study. The average duration of disease was 5.5 years in the diabetic group. Demographic and anthropometric characteristics of the study group are shown in [Table 1](#t1-dmso-8-427){ref-type="table"}.

Biochemical parameters
----------------------

The plasma triglyceride concentration was found to be significantly higher in the diabetic group (127.76±7.57 mg/dL) than in the nondiabetic group (95.13±9.22 mg/dL; *P*=0.01). The acute-phase CRP serum concentration was markedly elevated in the diabetic group (3.93±0.46 mg/L) when compared with the nondiabetic group (1.65±0.99 mg/L); this difference was found to be statistically significant (*P*\<0.0001). Nonsignificant higher mean values for total cholesterol and LDL-C and lower levels for HDL-C were observed in the diabetic group when compared with the nondiabetic group ([Table 2](#t2-dmso-8-427){ref-type="table"}).

Glycemic control
----------------

In the diabetic group, 49% of patients showed a higher fasting plasma glucose level. With regard to long-term glycemic control, according to the recommendations of the American Diabetes Association,[@b28-dmso-8-427] good control (HbA~1c~ \<7%) was found in 42 (60%) of patients, while 28 (40%) were considered to have poor glycemic control (HbA~1c~ ≥7%).

Risk factors for CVD
--------------------

Classification of the diabetic subjects on the basis of concentrations of the measured biochemical parameters (as abnormal \[high or low\] vs normal) showed variations in the prevalence of risk factors for CVD between the two groups. High LDL-C was observed in 52.9% of the patients, followed by high CRP in 44.3%, and high triglycerides and total cholesterol in 31.4% and 15.7%, respectively. Low HDL-C was observed in only 10% of the diabetic group. In contrast, elevated levels were seen in 12.5%, 42.5%, 20%, and 12% for total cholesterol, LDL-C, triglycerides, and CRP, respectively, in the nondiabetic group ([Figure 1](#f1-dmso-8-427){ref-type="fig"}).

Odds ratios for CVD risk factors
--------------------------------

Odds ratios calculated for lipid parameters revealed that diabetes was associated with higher levels of triglycerides, total cholesterol, LDL-C, and HDL-C. Elevated triglycerides showed the highest odds ratio (1.60) among the components of the lipid profile. However, all the lipid parameters failed to reach statistical significance. In contrast, a high CRP serum concentration was significantly associated with diabetes (odds ratio 5.56, *P*=0.001), ie, diabetics had a more than five times higher CRP level than nondiabetics ([Table 3](#t3-dmso-8-427){ref-type="table"}).

Correlation analysis
--------------------

Pearson's correlation analysis for biochemical parameters in the diabetic group showed correlations between BMI and some of the lipid parameters. BMI had a significant positive correlation with levels of triglycerides (*r*=0.386, *P*=0.001) and CRP (*r*=0.293, *P*=0.016), but showed no significant correlation with total cholesterol, HDL-C, triglycerides, fasting plasma glucose, or HbA~1c~. Further, CRP demonstrated a significant positive correlation with LDL-C (*r*=0.255, *P*=0.034) and a nonsignificant correlation with total cholesterol, HDL-C, and triglycerides ([Table 4](#t4-dmso-8-427){ref-type="table"}). Correlation analysis among the lipid parameters revealed a number of significant correlations; the total cholesterol level showed a strong significant correlation with LDL-C (*r*=0.847, *P*\<0.01), and a moderate positive significant correlation with triglycerides (*r*=0.477, *P*\<0.001) and with HDL-C (*r*=0.389, *P*=0.001). LDL-C showed a moderate positive significant correlation with HDL-C (*r*=0.315, *P*=0.009). LDL-C had a moderate positive correlation of borderline significance with triglycerides (*r*=0.225, *P*=0.067). Regression lines for the significant correlations are presented in [Figure 2](#f2-dmso-8-427){ref-type="fig"}.

Regression analysis
-------------------

A logistic regression analysis was performed to determine the effects of total cholesterol, LDL-C, HDL-C, triglycerides, and HbA~1c~ (as categorical covariates) on the likelihood of diabetics having high CRP. The logistic regression model was not statistically significant (χ^2^\[5\]=3.972, *P*=0.553). The model explained 7.4% of the variance in CRP and correctly classified 52.9% of cases. Diabetics with low HDL-C were 2.4 times more likely to have high CRP than those with high HDL-C. High HbA~1c~, indicating poor long-term glycemic control, was associated with a 1.8-fold increased likelihood of high CRP, and having high LDL-C and high triglycerides was associated with an 1.7-fold and 1.4-fold likelihood of high CRP, respectively. However, none of these associations reached a significance level of 0.05 ([Table 5](#t5-dmso-8-427){ref-type="table"}).

Discussion
==========

In this study, serum CRP and triglycerides were found to be significantly higher in the diabetic group when compared with the nondiabetic group. The CRP concentration correlated with LDL-C and BMI in type 2 diabetic Sudanese. The prevalence of elevated CRP, LDL-C, and triglycerides was significantly higher in the diabetic group.

A high prevalence of obesity was observed in the diabetic group, which had a mean BMI of 29.45±0.66 kg/m^2^. This high prevalence supports the link between type 2 diabetes and obesity, and has been reported to be a common finding in diabetic patients.[@b7-dmso-8-427],[@b29-dmso-8-427],[@b30-dmso-8-427] It has been shown that glucose disposal by lean body mass is markedly reduced and glucose metabolism was impaired in obese adults, while plasma concentrations of nonesterified fatty acids and blood glycerol were high due to insulin resistance.[@b31-dmso-8-427] Obesity is commonly associated with insulin resistance, increased production of proinflammatory cytokines, and changes in body fat distribution. Moreover, there are multiple complex redundant biochemical pathways that contribute locally and systemically to provoke and potentiate insulin resistance and chronic inflammation, which in turn promote further conditions, including diabetes mellitus.[@b32-dmso-8-427] Obesity in diabetic patients affects the CRP level probably through hormonal changes linked to obesity. The high serum CRP concentration in diabetes reported in this study, and by other authors,[@b33-dmso-8-427]--[@b35-dmso-8-427] could be due to the increase in adipose tissue mass that enhances cytokine production by adipocytes. Cytokine production is known to stimulate hepatic synthesis of CRP.[@b36-dmso-8-427] Previous studies have documented that obesity is associated with elevated levels of CRP.[@b37-dmso-8-427]--[@b39-dmso-8-427] In this study, in accordance with other researchers,[@b33-dmso-8-427],[@b40-dmso-8-427]--[@b43-dmso-8-427] we observed a significant correlation between BMI and serum concentration of CRP in T2DM. It has been suggested that obesity and hyperglycemia induce oxidative stress,[@b44-dmso-8-427]--[@b46-dmso-8-427] which results in generation of free radicals in diabetic patients that could cause damage to the cell membrane and hence are associated with elevation of CRP, a mediator of inflammation. Therefore, we suggest that the effects of obesity and hyperglycemia could underlie the elevation of CRP. An elevated CRP level indicates inflammatory processes. Our findings highlight that diabetics were 5.6 times more likely to have high levels of CRP than nondiabetics, and since CRP is a predictor of CVD risk, it can be deduced that diabetics are at higher risk of CVD than nondiabetics and that CRP could be a potential indicator of CVD, especially in obese diabetics, as it has been shown that the inflammatory response, marked in part by the acute phase reactant CRP, is implicated in atherogenesis.[@b47-dmso-8-427],[@b48-dmso-8-427] Recently, elevated serum CRP on admission was reported to be an independent predictor of short-term case fatality and adverse functional outcome following acute ischemic stroke.[@b49-dmso-8-427] Dyslipidemia is a key characteristic of type 2 diabetes,[@b50-dmso-8-427],[@b51-dmso-8-427] and contributes significantly to the high risk for CVD. The lipid abnormalities could be attributed mainly to the reduced action of insulin at the tissue level in type 2 diabetes.[@b52-dmso-8-427]

Deregulated lipid metabolism in type 2 diabetes has been reported in many studies, but with inconsistent findings for the different lipid components. Elevated mean total cholesterol, triglycerides, LDL-C, and lower HDL-C levels have been described in diabetics when compared with healthy nondiabetics.[@b53-dmso-8-427] In agreement with earlier studies,[@b53-dmso-8-427],[@b54-dmso-8-427] our findings showed a significant elevation of triglycerides in the diabetic group, which could be attributed to high lipolysis in the diabetic state due to reduction or impairment of the action of insulin on adipose tissue. The influx of free fatty acids into the liver leads to high hepatic synthesis of triglycerides. In addition, the action of lipoprotein lipase in adipose tissue is suppressed, resulting in low lipoprotein degradation and hypertriglyceridemia.[@b55-dmso-8-427] Our study showed no significant difference in total cholesterol between diabetics and nondiabetics, which is in line with Barrett-Connor et al.[@b54-dmso-8-427] The lack of significant differences in LDL-C and HDL-C levels between diabetics and nondiabetics in this study is similar to the findings of Ledeia et al[@b56-dmso-8-427] but in contrast with those of other authors.[@b53-dmso-8-427] Our finding of raised CRP in Sudanese type 2 diabetics is consistent with studies in other populations.[@b21-dmso-8-427]--[@b23-dmso-8-427],[@b57-dmso-8-427]--[@b59-dmso-8-427] High CRP, dyslipidemia, and high LDL-C are reported to be the main risk factors for the chronic complications of T2DM.[@b60-dmso-8-427] The high prevalence of obesity in diabetics together with elevation of triglycerides and CRP suggests coexistence of dysregulated lipid metabolism and inflammation in diabetic patients.

This study had a small sample size, which limited the power and accuracy of the analysis. However, data on CRP and lipid variables in T2DM and their possible involvement in CVD have not been available in this part of the world, and our research should help to highlight the need for serious monitoring and management of raised CRP and dyslipidemia in patients with type 2 diabetes.

In conclusion, the present study demonstrates a link between serum CRP concentration, LDL-C, and BMI. Diabetics were found to have more than five times higher CRP than nondiabetics, and there was a higher prevalence of hypertriglyceridemia and elevated LDL-C in diabetics. Further research in a large study population of type 2 diabetics is needed to test our findings and investigate the association between glycemic control on the one hand and CRP and lipid profile on the other. Additional investigations are also needed to compare the predictive value of CRP with that of LDL-C for assessment of CVD risk in type 2 diabetic patients and to determine if joint determination of CRP and the lipid profile could be used as early biomarkers for the cardiovascular complications of diabetes.

Supplementary materials
=======================
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Structured patient questionnaire.

The authors are grateful to the study participants for their cooperation. The laboratory technicians at Abu Agla diabetes management center are acknowledged for their facilitation of the laboratory analyses. This work was funded by the Ministry of Education, Unity State, South Sudan.

**Disclosure**

The authors report no conflicts of interest in this work.

![Prevalence of abnormal levels of CRP and lipid parameters in the study groups.\
**Abbreviations:** LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; CRP, C-reactive protein.](dmso-8-427Fig1){#f1-dmso-8-427}

![Regression lines for (**A**) C-reactive protein and low-density lipoprotein cholesterol and (**B**) C-reactive protein and body mass index.](dmso-8-427Fig2){#f2-dmso-8-427}

###### 

Characteristics of the study subjects

  Variable        Diabetics    Nondiabetics
  --------------- ------------ --------------
  Number          70           40
  Female/male     55/15        28/12
  Weight (kg)     73.72±1.52   73.63±2.49
  Height (m)      1.59±0.01    1.65±0.02
  BMI (kg/m^2^)   29.45±0.66   27.30±0.99

**Note:** Anthropometric parameters are expressed as the mean ± standard error of the mean.

**Abbreviation:** BMI, body mass index.

###### 

Biochemical parameters of the study groups

  Parameter       Diabetics (n=70)   Nondiabetics (n=40)   *P*-value (two-tailed)
  --------------- ------------------ --------------------- ------------------------
  TC (mg/dL)      154.90±5.40        145.80±6.82           0.30
  HDL-C (mg/dL)   50.26±1.07         53.35±2.04            0.14
  LDL-C (mg/dL)   102.00±3.88        98.63±5.21            0.53
  TG (mg/dL)      127.76±7.57        95.13±9.22            0.01
  CRP (mg/L)      3.93±0.46          1.52±0.99             \<0.001

**Notes:** The data are expressed as the mean ± standard error of the mean.

**Abbreviations:** TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; CRP, C-reactive protein.

###### 

Odd ratios for CRP and lipid profile

  Risck factors        OR     95% CI        *P*-value (two-tailed)
  -------------------- ------ ------------- ------------------------
  TC ≥200 (mg/dL)      1.31   0.42--4.07    0.78
  HDL-C \<40 (mg/dL)   1.16   0.33--4.13    1.00
  LDL-C ≥100 (mg/dL)   1.52   0.72--3.49    0.32
  TG \>200 (mg/dL)     1.60   0.52--4.78    0.59
  CRP \>3 (mg/L)       5.56   1.95--15.95   0.001

**Abbreviations:** OR, odd ratio; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; CRP, C-reactive protein.

###### 

Correlation analysis of CRP with lipid profile and BMI in diabetics

  Parameter   TC    HDL-C   LDL-C    TG      BMI     
  ----------- ----- ------- -------- ------- ------- -------
  CRP         *r*   0.165   −0.019   0.255   0.053   0.293
              *P*   0.176   0.880    0.034   0.672   0.016

**Abbreviation:** *r*, Pearson correlation coefficient; CRP, C-reactive protein; BMI, body mass index; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.

###### 

Logistic regression of CRP, lipid parameters, and HbA~1c~ in diabetics

  Covariate           Coefficient   OR     95% CI        *P*-value
  ------------------- ------------- ------ ------------- -----------
  TC ≥200 mg/dL       0.15          1.16   0.27--5.01    0.84
  HDL-C \<40 mg/dL    0.87          2.39   0.44--13.08   0.31
  LDL-C ≥100 mg/dL    0.51          1.67   0.54--5.16    0.37
  TG \>200 mg/dL      0.34          1.41   0.41--4.86    0.59
  HbA~1c~ ≥7 (mg/L)   0.59          1.81   0.67--4.87    0.24

**Abbreviations:** TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; OR, odds ratio; CI, confidence interval; HbA~1c~, glycated hemoglobin; CRP, C-reactive protein.
